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RADIATION AND TEMPERATURE OF THE SUN 
By W. E. BERNHEIMER s2 : 5523.7 

O S C I L L A T I O N S  O F  THE b O L A R  C O X S T A X T  

General atatfmei~f.-~~--heii we now take uniier con- 
sideration the question of the osdlntion? of solar ratlia- 
tion it can be, from the :wtroiioniicnl point of viev;, only 
a matter of investig:nting the chanpes in radiation that 
have their origin in the siin. There is, therefore, in 
the first plnre a question \\ hetlier all disturbing influence.; 
are t horough1;v eliminated in the ohscrvntionnl rnntcrinl 
at  the present time. In so frlr as  this is not the caw 
such oscillations in solnr r:iclintion :iflord occasion for :t 
series of in teres ting me teorolc )sic8 1 phen onie~i:i, iipoii 
which we n a t u r a l l ~  can not enter in this iiianual. 

Apart from nit her short series of observatioii.; fiwni 
Potsdani, Dnrns, Helwan, W>irstiw, lTpsaln, and Pnrlo\ sli, 
almost all of tlie arailuhle dntn :ire diic to tlie w-orli of the 
Sniithsoiiittn Institution. Through this imusual circtini- 
stance it results that in a stnteinriit of the prohleni tlierc 
appear on one side a great number of writers who raisc 
objections to the reality of the oscillations, and to wlioni 
there is opposed only one defender. Despite this t h t w  
will be an attenipt to give nn objective survey of the 
present status of the prohlein. 

/923 

F ~ O U ~ I E  13 e h l s r c h  nf the mnuthly mems of the solar rowtaut fruiu Oclnlrer. 173,  
to Novemher. 1524. tIVfenii \ due. f r n w  Vonteziiuin ai111 Usrqiii H?~-II 

Long-period oscillation 9. I'euily t i  ud 7~ oil f h l y  in en ns.-- 
The first statements which espress a suspicion of :t change 
in solar raliation, based on a rather Io~ig series of ohser- 
ration, originated in the year 1903. L. Gorczynshi 
demonstrated for tlie Warsaw observations n decrccse 
in solar radiation from May,  1902, to the end of the year 
1903, in agreenient with the results reachetl by Ch. 
Dufour in Switzerland. According to S. P. Langley 
tlie decrease in radiation at  the end of Rlarch, 1903, 
amounted to 10 per cent of the previous viilue. 

If we now follow up the values of the solar constant 
that were obtained in America, first by Langley and Inter 
by Abbot, it appears without cloubt that the amplitude 
of the long-period oscillation decreases materially in the 
course of the pmrs, with the exception of the ye:!r 1913 
in which the nnonialy is dae to the eruption of Ihtniai .  
During the s m i e  time there was siicces in at  tnining 

2 Cornptes Rendus. 13% (190.1.) IJ. 9.55. 
a Comptes Heiidus. 1313. flYO3.) p. 712 
4 Astrophysical Journal. 15. (190.4.) p. 305. 
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con~ideral~le advance in refinement of iiiethocls of 
obscrra tion. 

In consicleri~y the ohww-cd oscil!:ttion of the solar 
constant n t1ifftwnti::tion niiiqt be riiacie between those 
longer per i d s ,  whir h n i  ani fes t t 1iemsel~'es in the 111 :I rc h 
of the ;vc.ariy nird moiit1il;v iiieans, and those of n short- 
period 11:: ture, which show- oscillations in thc results of 
iiieasur'c~riicnts n ithin thrb course of a few days. 

The ohserrntionnl data are, iideed, still too scant for a 
decision as to yearly oscillations. The long series of 
~ ~ i c a s i m i ~ i e n t s  froii: 1005 to 1920 on XIount, Wilson 
coulcl lw u~itlertaken only during the summer months. 
Olwrratiuns tliroupliout the yewr began a t  Calnrria in 
101X and c:t Hnrrlua Haln in 1920, and their provisional 
results are now available to include the year 19%. 
Reliltire to the yenrly m u c h  of t h t w  measurenients it 
is generally assumed that:  

1. The ye:irly iimins of the solar constant show a 
iiiarc.li with sun spot frequency in the sense that the higher 
snlnr constant values are observed in the years of in- 
crcnscd sc~lar nctivity. The degree of the relation for the 
years 1905 to 1917 can be represented by the following 
correla tion : 

r =  f0 .627  i 0.124 

2 .  I n  the year 1923 the yearly means of the solar 
constant show a noteworthy decreaPe (manifest also in 
the monthly iiieans in fig. 13); the newly obtained value 
is niaintainrd even up to 10%. Relative to the reality 
of this decrease there is argunieiit in a recent investigation 
by C. G. Abbot,6 following which a chnnge in reduction 
scale did not t,alre place.' 

T. L. Ecker- 
sley in 1914, and soon thereafter H. I < n o s - S h a ~ , ~  
mainly on the basis of obscrmtions at  Hellvan, expressed 
the suspicion of a relation between the derived solar 
constant values and the transmission coefficients. As 
the cause there is pointed out the changing trans- 
parency of the air during the indiriclual series of bolo- 
metric readings as is especially perceptible in the morn- 
ing hours. Such varintions were ohserved hy G. hluller 
and E. I<ron ; I" nlso 1))- 9. Bciiiporad." Similar objections 
to the authenticity of solar constant variations have 
heen raised by F. Uiscoe," N. N. I < ~ l a t i n , ' ~  and E. Stenz." 
0. Granciiiist l5 gave special attention to this quest,ion 
nncl disclosed especially for the h Iount Wilson values for 
1905-1903 and 1909-191 1 R relntion between solar con- 
stant nnd trmsmission coefficient. I n  1934, W. E. 
Bernhcirncr l o  investigatccl all of the hlount Wi'son 
dntn, especially the mcnthly nienns from 190.5 to 19'20, 

Many have expressed doubt as to  this. 
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and was able to show that for tlie entire period such a 
relation is to be dernonstrated. This relation is repro- 
duced in Figure 14. 

Lnter investigations by C‘. C;. Ahbot seeli to establish 
the usefulness of the hiount Wilson values, but  they 
reveal, nieanwliile, that  the iiiensure of the oscil1:ition 
observed there is redclced to lid! value. These results 
obtained by Abbot8 are represented in Figuie 15. In 
similar manner the latest, RS yet mipiiblislicd, monthly 
means for hfonteziuna h i r e  been craluntecl. We shall 
return later to the new process of “Selected 1’) rheliom- 
etry ” introclacecl for application in this ewluation. 

The state of &airs heconies considerablj- coiiiplicn ted 
in that not only do there result relations liet\\een the 
monthly means of the solar constant, and the trnnsiiiissioii 
coefficients, but,  according to the investigntions of C‘. F. 
hlarvin,lb there str:iightway nppenrs in the nionthly 
means n regular niarcli tliat, can he referred only to 
atmospheric influences. 

The data from hlnunt Wilson iisecl in Figure 14 (excep- 
tion being made of those for the years 1612 and 1613 in 
order to avoid the unusual clisturlmice due to the I<ntmai 
eruption) are those treated 1 ~ ) -  hfarvin. €IC nnanges the 

conslmt nud 
i n  the iwiod 

sentctl in Figure 16. This is all the more remarkable 
since these resid ts are based on observations according 
to tlic so-cnllecl “Short Method,” a method that  in and 
of itsclf should lend to increased accuracy. 

As is heen from Figure 16, hlnrvin coulcl easily represent, 
thc n::ircli o f  the nioii~lily means Iiy a sine curve. The 
c h r l -  ckfincci w : i ~ o n a l  eit’ect is mnnifestecl in that the 
ii?oritlil:; nie:tii~ of tlie solar coiisiniit were observed to be 
higher in the siiiiiiiier conrlitioii (September to February) 
niicl  lon-er iii the ti intw voidition (h1:trch to  August,) of 

!deluti\-c to the monthly oscillations of tlie solar con- 
stnnt ti Sii?ililinriztltiOii may be 111~de to-clny about as 

I !IC a t ril os y 11 Fl  e.  

lollon 4: al ntiniber of writers have demonstrated a 
dcpenclence o f  the niontlilp means of the solar constant 
(:11 trniisnii4or; cucflicients, thus on the condition of the 
atinospherc n t  the time. T h s e  observations are con- 
firmed by Siarvin, who discloses the meteorological 
c;iu.;e of tlii, c!epenclence. This fact, however, gives no 
e~planntion €or tlic e11 trance of errors into the extrapola- 
tion. So ftir it is only l m w n  that in the holographic 
clcterniinnticns nn 3loiint Kilson careful consideration 
of water vapor ahsoi*ptioii inteiiqifies the inaccuracy of 
the extrapo1:ition. Then the pyranoinetric inensure- 
rnents (in n-hicli, RS is slio~\-n later, changes in the con- 
clition of the nir (Iiirinc R d a y  probably no longer produce 

0 N D -1 f M J /? s 0 N D J 

/ 930 

cnnst i n t  lruni ohservarious 011 1.030 days lroiu 
I i i ie isurrineiit\ . i t  C,ilama and 11loutezumn) 

(li+tiirl)iii: ini!uc.ncc.s 011 tlir solnr constant) show unequiv- 
oc~:illy id~t ion. ;  to thi-  atmospheric proccsses. Pj-ranorne- 
t r ip  v d u c s  were used exclusively, horn-ever, in Figure 16. 

On tlir> otlier hand it must he emphasized that changes 
r constant come t o  light plainly from year to 

;\-c-:ir. (Set., El)r e\-ample, tic. 13.) Thest. changes must 
niitti?:,llj- IN. si~iootl~ctl  o i i f  in Xlervin’h method of form- 
ii!i: i!:,,1ithl:* n i ~ : ; i i q  for :) g w t : p  o f  yexrs. ,\ltlio1igh, after 
cmsis;ei,i 1 crific:i:ic:ns, tl:e ~nontlilp inems of the con- 
stant, in $0 i‘nr :li tliq- hare  heel? piiblislied, can by no 
nwms 1)c. vie\\ cd 119 true villues of extraterrestrial raclia- 
tion, yet, doubtless, if the eliriiinntion of the influence 
of the earth’s ntmosphcre should be Ettained, there may be 
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.......................... ...................... 
I912 ........................... Rroiint Wilson (Patmai) ............ 
l(113 ................................ do ............................... 
191s ........................... hlount Wilson ...................... 
1:41x ........................... Calama ............................. 
1919 ........................... C'alam:i, old mpthod ................ 
1019 ........................... Cahrna. n r n  method ............... 
Jnnu:~ry to April, ]!e2 .......... RIontezumd ......................... 
lYaZ to 1Y?4.. .................. h lon tezma ,  Harqus Hnla .......... I 

a remaining oscillation, which is greater than the error 
of observation and has its origin in the sun itself. 

SlLort-period osci7ltrtions.-The difficulties that  esist 
relative to an objective verification of long-period oscilla- 
tion of the solar radiation are naturally accentuftted in the 
review of changes in the results of nieasureinenfs from 
day to day. 111 the iiiontlily means the short-period 
oscillrttions, which ore to lie referred. at, least in part, to 
instrumental innccuracies ~ n d  atmospheric disturbances, 
are smoothed nut, so that in them and still inore in the 
yearly means importantj changes stand forth niorc 
clearly. So long AS the short-period oscillations sho\ved 
such great amplitudes that rhe percentagc errors of 
determination were considerably exceeded, ns waq the 
case in the first yenrs of observation, a decision appears 
easier. But in the coursc of time the daily oscillations 
have become steadily sninller, a circumstance to which 
F. Linke,I9 W. E. Beriiheiiiier,-o and C. F .  hlnrvin 21 hnve 
called attention. I n  the miin tlie writers give refine- 
ment of the process of nhservaiim as the cause. Ac- 

100 
Sfl 
50 

116 
131 
333 
452 
843 

TABLE 1 .-Relalion between the monthly meaias of the solar constant 
and f h e  j r e p e n c y  of sun spots 

Period 
Correlation be- 
tween monthly 

means and 
spot frequency 

Num- 

values 

I =  
1905 to 1!EO ................................ 71 Mount Wilson .... +O. 415fO.oBB 
1:ilS to luZ0 ................................ 34 Calama ........... -0.152f0.194 
OctoLer, 1!190. to Septeniher. 1!2?2 .......... Harqua Haln _ _ _ _ _ _  +O. 326f0.124 
1'1?1 ....................................... I ?; 1 hionteaurns _ _ _ _ _ _  1 -0.208f0.184 

On thc question of the reality of these monthly means 
it is to he remarked that, i t  appears as grnnted when, as 
already set forth, we have here before us values that 
actually represent the amount of the solar energy at 
given times, and so are completely freed from the influ- 
ences of the earth's atmosphere. 

A representation, after bIarvin, of values measured on 
almost 2,000 days in the years 1902 to 1919 is given in 
Figure 17. Aniong other things there are noted the marked 

F I G U R E  Ii.-Oscillations of the solar constant. from the beginning of observations in 1903 to the end of 1919 (after Marvin) 

cording to C. G. Abbot,?? who very recently establishes 
the continuous decrease in the oscillations, i t  lies pri- 
marily in the fact that, hhe latest stations work under far 
more favorable conditions. 

So far as the monthly nieans of the solar constant are 
concerned the available nia telial is considerably greater. 
As with the yearly means so with the inontlily means, it 
is frequently assumed that a decided change is to be noted 
with sun-spot frequency and, indeed, in the same direc- 
tion. This relnt,ion, howcver, seenis not to be certain, as 
appears from an investigation by W. E. Ber~ ihe in i e r .~~  
To be sure, there results for the Mount, Wilson values 
the expected pcjsitiw correlation, but with the new 
stations i t  becomes infinitesimally small, and shows, as 
can be seen in Table 1, in part w e n  nu indicntion of 
an opposite relation. htlc1itio:ial d a t a  arc, therefore, 
still necessary. 

10 Ncteorologische Zeitschrift. 41. (192.)  p. id. 
Verlag  on Julius Springer. 59. 1924. 

*1 MONTHLY WEATHER REVIEW. 53. No. i. 1925. 
'2 Gerlends Beilrage. 16. (lo??.) p. 344. 
'3 &eli~tr-Fe8tachrtft. 1934. 

oscillation that began in 1912 incidental to the Katma 
eruption, the persistent decrease in oscillation from year 
to year, and, especially, the striking diniiniition in oscil- 
lation after the middle of 1919, coincident with the intro- 
duction of pyranonietric measurements. 

The decrease is given statistically in Table 2. 

TABLE 2.-Oscillations of the daily values of the solar conetant in the 
different years of observation. The scatter is represented ae the 
probable error in a single dav ,  expressed in percentage of the average 
v d u e  jor  the whole period, 1.94 g .  cal. cni.-Z min.-' 

Y w r  Station 1:; ber ol 
Amount 

of 
scatter 

Per cent 
1.3 
3.3 
1. 7 
1.4 
. 9  
. Y  
.52 
.48 
.41 
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Num- 
Period ber of 

days 

i 

The intFoduction of pyranometric measurement,s, a 
process that, is designated as the "Short Method," 
really indicates an important advance. Hitherto the 
transniission coe,fficients have been derived bologra phicdly 
for different wave lengths only in unlike air masses, t81iat 
is a t  different times in the course of a day. The series 
of objections pre,viousIy made applies to this. The new 
process makes it possible to obt8ain the transparency of 
the air wit8h a single observation when the bright,ness of 
the sky H is measured with a pyranoinet,er in the im- 
mediate vicinit,y of the sun and in addition tlie water 
vapor correctmion pfpec is determined, as previously, by 
the measure,nient of bhe band par .  Then t,he mensiire 
of bhe prevailing transparenc.y is : 

F= Hp,, lp 

After t'he relat,ion of H to t8he transmission c.oefficient 
has been debernlined empirically for a rather long series 
of observations, a single nieasurement, suffices for tlie 
det'ermination of the solar conshnt,. The Isst circum- 
stance is a disadvantage to the method since by it there 
is established a certain c.onnection with the e,arlier 
process.24 

A substantially higher degree of accuracy results from 
these pyranometric me.asurements. As shown above, 
there acc,onipanies t,heir introduction a further decrease 
in daily oscillations, a circumstance that  argues a.gainst 
the reality of variability. 

As BernheimerZK has shown from the Montezuma values 
for 1921 and 1922, the disturbing influences of the earth's 
atmosphere ~t~rangely appear to be not yet fully eliminated 
even in the pyranpmetric results. This is confirmed by 
Marvin's 28 invest1gat)ions of all the data from hhe same 
station estending up to  1924. (See fig. 16.) It is to be 
assumed that  the latest, as yet unpublished, results will 
involve a better extrapolation sinc.e Abbot has now 
introduced a new expression for the function F: 

F=- H.J/ 
P 

where P denotes the pyranornetric measurement and J / ,  
the measurement of the area of the so designated wa.te,r 
band. If i t  is then assumed that  the influence of the 
earth's atmosphere is fully eliminated there yet remains 
the difficulty, raised first by Linke 28 and later by Marvin, 
that the oscillat.ions from day to day (which, in the 
average of 1,400 individual cases, amount to  0.0117 g. cal. 
cm.-2 min.-', or 0.60 per cent of the mean solar energy 
per year) just equal the order of the ac,curac,y of t'he 
pyra,nonietric measurements. 

Neve,rt,heless, short-penod oscillation can not, for this 
reason, be denominated generally as impossible. I n  line 
with a remark by Abbot 29 it can be said that, although 
the average departures from the mean of a long series are 
small, it is still possible that  isolated dec,ided departures 
are not accident,al, but real. Simultaneous measure- 
ments a t  two plac.es appear to be espe.cially suited to the 
examination of such exceptional cases. 

Oscillations on the basis of simu Itnneo.us measurements 
ut d,ifierent places.-The relation of sipultaneous solar 
constant measurements was first investigated by I < r ~ n , ~ ~  
who found a correlation: 

T = + 0.508 f 0.071 
~- 

24 Srtliger-FtstachriJ~. 1924. p. 425 6. 
11 rl,id 

Correlation 

I= 

98 ~ ~ ~ N T H L F  WEATBER REVIEW. 53. No. 7. 1Y25. 
87 Qerlands Beitrdgc. 16. (1927). p. 344. 
I O  Aicltorologiache Ztitechrijt. 41. (1924.) p.  79. 
18 Gerlands Bcitrdge. 16.. (1927.) p. 344. 

Verlag von Juliud Sprmger. 49. (1914.1 p. 88. 

be,tween the results a t  Mount Wilson and a t  Bassour, 
Alpria.  For 106 common days in the period 1918-1920 
Abbot finds: 

T =  + 0.491 * 0.500 

Clayt,on 32 and Linke 33 also investigat,ed these data.  
The latter remarks that the relation appears less pro- 
nounced only in 1920. In  general i t  ca,n be said, however, 
t,liat8 t,he result,s up t,o 1920 show a remarkably concordant 
march in the siinult,ane,ous valpe,s of the solar constant. 

It, is curious that  n striking change in the relation occurs 
in 1921, when for t,he first t,ime observations are available 
for all niont,hs from the climatically favored stations a t  
Mont'ezunia and Harqua Hala. For the year 1921 
Bernheinier 34 finds : 

7- = + 0.294 f 0.083 

It is difficult to give an explanation of t8his phenomenon 
unless it, is assumed that  the observed oscillations of 
short-period nature are not real because they do not 
come to light simultaneously a t  two places. I n  Figure 
1s are reproduced the measurements for 1920 and 1921. 

FIGURE 152 -Synchronous values of the solar constmt at Nouteeurna and Harqua Hala 
(after Bernhelmer) 

In this the smaller circle include departures up to 1 per 
cent, and the larger circle those up to 2 per cent of the 
mean value. This material as well as the latest results 
to November, 1924, inclusive, have been investigated by 
Marvin 36 and, in particular, by Kimba11.36 They arrive 
a t  the same result, reached by Bernheimer in that  they 
demonstrate a further decline of the relation. Thus 
I<imball finds : 

TABLE 3.-C'orrelatio?is bet ween determinations of the solar constant 
at Moiiterirnia and Harqua Hala 

+O. 341fO. 060 
+o. 18 fO. 063 

October, 1920, to March. 1YZ2-. .. -. _ _ _  -. _ _  _ _ _  -. . . -. _.._ .- - -. - 

11 Annds of the Astrophysical Observatory of the Smithsonian Institution. Vol. 14. 

32 World Weather. 1923. p. 215. 
(3  Afcteorologischc ZeitschriJt. 41. (1924.) p. 74. 
14 Steliger-Fc~tschrilt. 1924. p.  469. 
18 MONTELT WEATHER REVIEW, 53. No. 7. 1825. 
81 Ibid. 

19'2. 
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These results, too, argue very strongly against the 
reality of short-period oscillations. On the other l i a ~ ~ d ,  
consideration must be given as follows: Of course, in tlic 
dissection of the data alone an oscillation from day to 
day is investicated, while oscillations of longer period clo 
not come to light. Thus, if the whole period from A1prll, 
1922, to  Noveii i l~r ,  1924 (see fig. 131, is considered, thcre 
is a certain indication of a relation. When it is cnn- 
sidered that in this period solar constnrit vnlucs were 
obtainrd on S‘77 ~ I H ~ s ,  of which oniy 299 were c o n i ~ i ~ m  
to both stations, the Chra arc, in the first place, rrithcr 
scant. 

This circuriistnnce, also, renders niorr difficult the 
decision as to the reality of the extreme value.: previously 
mentioned. l n  the S27 tlays a value helom 1.900 g. cal. 
cm.--’ min.-’ w;is niensured thirty-six times, I;LI t (3nly 011 
6 of tlie coiiiiiion dzl-s; extreme values ahove 1.940 g-. cal. 
were nieasuretl on Xi c l a p ,  only -1 of whicli were (~11111ion 
to both stations. No clecision as to the reality of ~ a t r e n i c  
values of tlss kind can l w  reached along this line to-dny. 
The ctcldition o f  ohservntions from R tliircl statinn. 
hlount Briikkttros in South Africa, \till be a matter of 
iniport anre. 

Moreover, consideration must be givcn to the investi- 
gation of the tiirbidity conditions in the atmosphere, 
which, as the Katnini years show, often estend over 
wide :ireas of the earth. They can  influence simultnneous 
nieasurements of tlie solar constant even when they y e  
far from being so powerful as a t  that time. 111 
particular, has emphasized this. Widely extended 
anomalous turbidity phenomena of this kind are not tit 
all rare, as nppenrs from detailed investigations hy 
ICalatin.Ls Thus there is s h o ~ n ,  for example, an esten- 
sive clist8urhance in the suniiiier of 1919, observed simul- 
taneously at’ Pavloslr, Russia, and a t  Davos, Switxerlnnd. 

“ S c l e c t d  Pyrhelioinefry. ”--In view of the great difti- 
culties, arising froni influences of the earth’s a tniospliere, 
that  beset tlie solution of tlie problem of extrapolation io 
true values of radizition, there arises the qiiestinn whether, 
a t  least for criticisrii of t81ic oscillations of solar radiation, 
extrapolation slid1 he ahancloned altogether. hIarvin 3y 

wtts the first’ bo c d l  :ittention to this. He finds that pyr- 
lielionie tric observations alone give values aliuost without 
error, froin which it would he easy to obtain a true sn!:tr 
oscillation, especially when observtttions are iiiacle m t h  
inst~ruriieiits equally well ;td:ipted and a t  different. en- 
tirely independent points in the driest regions of the eiirtli 
arid at  different elevations abore sen level. For further 
increase in  accuracy iiiensurenieiits could be iiinde simul- 
tnneously a t  each point with. t8wo pyrheliometers.. 

Abbot gave attention to this and, for the investigation 
of oscilltitions in solar ratlitition, developed a new mrthocl 
called by him “Selected Pyrhebonietry.” 40 In this there 
is n i i  investigation of the results a t  Mount Wilson from 
1910 to 19%; in a second work 41 the inrestigation was 
extended to the observations n t  Rlontezunia in 1920- 
1926. Tlie principle of  the method can be analyzed nb 

foliows: If it is a question of deterniining only the oscil1:i- 
tions of solar rndintion a n c l  if itbSUlUte values are t i l ) n n -  
cloned, then pyrheliometric ohserv:ttiona done  ~t-oidd 
suffice, provided the observations are so m::cle that the 
disturbing influences of the a tniospliere remain the saint’ 
a t  each observation. 

~~ ~ 

3; dlcteorologiache Zi i l schr i l t .  36. llY18.J p. 109. 
39 (lerlsuds Beifriige. 15. (I’JX.) p. 376. 
39 MCINTIILY WEATHER REVIEW. 53. No. i. 1025. 
18 ~ I O N T I I L T  \YEATREK I{EVIEW. 54. (1926.) p. 191. 
41 Qerlan*ls Beifr iyf .  16. (1927.) p. 344. 



OCTOBER, 1929 MONTHLY WEATHER REVIEW 417 

changes in the transparency of the earth's atmosphere, 
esp'ecially becaiise of ozone bands. 

In 1926 E. Pettit 43 adduced rcrp valuable new data 
for the investigation of this phenomenon. His inresti- 
gations consist, in comparisons in intensity of radiation 
a t  A 3,100 and nt A 5,000. The measurement, was made 
with thermopiles, in one case through a silver fiim, in 
the other through a gold film with n green celluloid filter 
in frunt. Rfeasurenients with temporary apparatus in 
four nionths of 19% and a definitive series of ohserrnt,ions 
carried out uiiinterruptedl4-1~~teclI~- after April, 192.5, gave a 
masini~un of oscillation of ultra-violet radiation at 53 per 
cent. Thi.; va!ue is reduced to 57 per cent since correc- 
tion hac1 to he npplied on nccoiint o f  the reduced perme- 
ability of the filter.'4 Later observations were macle 
without the celluloid filter. 

The data awilnhle to RInrch, 192T, have been investi- 
gated in detail by Eer~iheiiiier..'~ If the results for 192-2 
are leit out, of consideration then observntions for tu o 

yefirs with definitive instrumental equipment 
t the hiyliest observed nieasiiren~eiit of oscilla- 

tion amounts to  only 36 per cent. In the latest publicw- 
tion 46 Pettit establishes that the iimrcli of the oqillations 
remains essenti:ill>- unclianyecl regardless of M hetlier the 
values are determined ;or air ni:iss 1 or e\trapolntIon is 
niade to bpace outside the titifinsphere, that is, for air 
mass 0.  This unexpected circumstance led Eernheimer 
to inveo.tignte w1:ether clinnres in the earth's atniosphcre 
are not reflected in t l x  oscdlntion. The  nionthly nie:ms 
of ultra-\ iolet r::tliztion for the two  yxr.;  l inre :I maxi- 
niiini oscillation of 17 per cent and shon , in f n v t ,  RR 
appears from Figure 30, n clrcit!ed sensonal march. If 
conipnrison is iiiade u ith the iiieasureiiients that were 
ohtuined phot o-elec tricwlly at  Aross:" in the s:inie spec t!al 
region and u i th  air ninss 2.9, there result.; r,n agreeinc 
yearly niarch, 11 hich is to 1)e denionstratrd in .the sniiic~ 
nianner also in the tr:iiisiii\4on coeficients for x ~ , L ? u ) .  

h a \  c. rec-rqiiizrd 
a yearly inarch in the ozone cnnlcnt c b f  1 1 1 ~  :iir. Thr(~ii"h 
an investiption Pettit i\ :is r i b k  t o  dcii~oi:sti::te that I &  
ralues for uitra-1 ioltit radiation tire not n:atc;.in!ly 
i1:fluenced by the fact tlittt a cuiisiclernhle supposei! 
iiicreasc in ozone is :issiinic~i from the ol)ser\ cy1 mnwh of 
the rays. To :in increase o f  100 per cent in ozone there 
correspoided R diminiition of only 5 per ceiit in ultru- 
violet intensity. Ycttit conics, therefore, t u  thc cunclo- 
sioii that  the strong oscillations observed by liim m y  rcnl 
arid h , r i ~  their origin in tlir b u n .  

The strong ozone effect nianifests itself principally in a 
spectral region thnt lies belon thnt of I'ettit. Hence, 
there can lie the opinion thst  the esperiment 1)y Pettit 
is not conclusive. In renlity it appears that the >early 
march that or curs in the ul  t ai-violc I nieaw renicn t s n t 
Rlount Kilson conieh out PII tirely independent of the 
question of ozone just a? (hr:ppens) in general tii:.l)iJity 
found with total radiation. In  Figure 20 this (Jntter) 
march is represented in the form of the turbidity factor? 
introduced by Liulie.44 

Accorcliug to this, high vdue.; of ultra-violpt radiation 
occur with clear, wiiLtPi' (*,mlitions lorn values with 
much clouded, wninier coiillitioiir of the atmosphere. 
In  this iwy there is the teniptittion to aqswie that  the 
observer1 changes i:i ultr:i-violet radiation do not taltc 
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place in the sun, hut reflect processes in the earth's 
ntmosphere. On these grounds i t  is still premature to 
enter in detail upon indicttted relations of owillations of 
ultra-violet radiatioli to ozone oscillations produced by 
that radiation and to the iiiarch of si111 spots and solar 
constant. This is probably all the more the case since, 
as previously mentioned, according to the investigations 
of Marvin the inonthly nieans of the solar corirtarit show 
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a dependence on siiiiinier and winter conditions of the 
atmosphere. A decision a' to the esistence oi estrn- 
terrestrial changes in ultra-violet solar ratcliation could 
probably be given if the investigations of Pettit were 
repeated in the Southern He:iiisphere. If the oscdla- 
tions originate in the earth's atmosphere then their 
march must show a phase shift of six inoiitlis.--~crnsZated 
by W. W. Reed. 


